We examine why firms hedge selectively even though prior research shows that the gains from such speculative activities are economically insignificant. We find that smaller firms speculate more than larger firms, and that firms with a higher probability of bankruptcy speculate more than firms with a lower probability of bankruptcy. These cross-sectional differences are the opposite of what a theory of selective hedging based on information and financial superiority would predict, and are more consistent with an agency-theoretic or financial constraints explanation. We also find that selective hedging is negatively correlated with managerial stock and stock option holdings, which is inconsistent with the notion that convexity in managerial compensation is a motive for managers to speculate.
Recent studies of corporate risk management have documented a considerable divergence between the theory and practice of hedging. The existing theory of corporate risk management examines the conditions under which hedging increases firm value.
1 However, recent evidence suggests that many firms also speculate with derivatives by varying the size and timing of their derivatives transactions based on their market views, a practice known as "selective hedging." 2 Nonetheless, as noted by Stulz (1996) , for selective hedging to be value increasing firms would need to possess private information about future market prices and the ability to act on this information without jeopardizing their core businesses. Whether this is indeed the case is uncertain. High profile derivatives-related losses at Proctor & Gamble,
Orange County, Amaranth Advisors and Asia Pulp & Paper, for example, indicate that firms may erroneously believe that they possess valuable information when in fact they do not.
Furthermore, Adam and Fernando (2006) report that for a sample of North American gold mining companies the cash flow gains from selective hedging were economically insignificant on average. Brown, Crabb and Haushalter (2006) also find little evidence of successful selective hedging.
The divergence between the theory and practice of hedging raises important concerns for shareholders and regulators alike, and generates interesting issues from an academic standpoint.
The objective of our paper is to study selective hedging in the North American gold mining industry in order to understand what factors motivate managers to speculate in this way. The gold mining industry is a perfect laboratory for this study as it is, to our knowledge, the only industry that makes sufficient detailed transaction-level data available to enable a systematic study of corporate speculation with derivatives within the context of a hedging program. Stulz (1996) argues that firms may acquire private information through their regular business activities. For example, a large gas pipeline company or electricity transmission company might acquire valuable private information about market conditions and price trends through the operation of its network. In such cases, firms may be tempted to speculate in order to benefit from their proprietary information. However, selective hedging exposes a firm to considerably more risk than if it hedged without taking a market view because the firm's private information may be noisy or turn out to be irrelevant ex post. Stulz (1996) therefore predicts that only firms with sufficient financial strength will engage in selective hedging. Stulz (1996) also notes that from an agency-theoretic standpoint, speculating could be a rational strategy for shareholders of firms in financial distress. Additionally, as argued by Campbell and Kracaw (1999) , speculation may also be optimal for firms that have minimumscale projects and meager internal resources, and for which external financing is costly. Finally, Stulz (1996) argues that some incentive compensation schemes may induce managers to engage in selective hedging. For example, the value of stock options increases with the volatility of a firm's stock. Tufano (1996) shows that stock options reduce the likelihood that managers will hedge a firm's risk exposure, thereby increasing stock price volatility. It is possible that stock options may cause managers to become even more risk tolerant and engage in explicit market timing activities that further increase volatility and hence the value of their stock options.
Brown, Crabb and Haushalter (2006) examine how firm size, Altman's Z-score, insider ownership and managerial compensation are related to selective hedging in a sample of 44 gold producers, as part of their study of whether selective hedging results in economic gains for the firms that engage in it. While they do not report their results, they state that they find no significant relationship between selective hedging and any of these variables. Géczy, Minton and Schrand (2007) provide a comprehensive study of the drivers of selective hedging. Using survey data from the Wharton Survey of Derivatives Usage (Bodnar, Hayt and Marston, 1998), they examine cross-sectional differences between firms that speculate and those that do not. They find that the sensitivity of CFO compensation to stock price movements (delta) is positively associated with the probability of actively taking positions, while the sensitivity of CEO compensation to stock price movements is negatively related to speculation. They argue that these findings are consistent with the CFO rather than the CEO being the active executive in determining day-to-day derivatives transactions. Beber and Fabbri (2006) also examine the link between CEO compensation and selective hedging for a sample of large U.S. non-financial firms with foreign currency exposure. They document a weakly significant positive relation between CEO delta and selective hedging, although they also show that managers whose compensation is tied to stock return volatility will hedge less.
While providing important new insights, the studies by Géczy, Minton and Schrand (2007) and Beber and Fabbri (2006) have significant data limitations. First, unlike our data set from the gold mining industry, neither study utilizes a data set that permits the authors to undertake an in-depth examination of selective hedging at the level of individual derivatives transactions. Additionally, the data sets utilized by Géczy, Minton and Schrand (2007) Adam and Fernando (2006) and Brown, Crabb and Haushalter (2006) clearly shows that selective hedging gains in the gold mining industry are not economically significant. Finally, both Géczy, Minton and Schrand (2007) and Beber and Fabbri (2006) examine selective hedging in foreign currency markets where even large corporations are unlikely to have information advantages. In contrast, the gold mining industry is a more specialized commodity industry and it is easier to conceive of the possibility that some firms in this industry have a comparative advantage in predicting future gold price trends.
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We find a negative relationship between selective hedging and firm size. If firm size is a proxy for proprietary information in the gold market then this result is the opposite to what one would expect under a rational, value-maximizing model of corporate behavior. Graham and Harvey (2001) note that smaller firms are financially less sophisticated than larger firms. Thus, smaller firms may be more likely to erroneously believe that they have an information advantage. It is also possible that smaller firms are more constrained in raising external capital due to asymmetric information, and engage in selective hedging to supplement their smaller internal resources, as predicted by Campbell and Kracaw (1999) .
Furthermore, we find that firms that are closer to financial distress, as measured by Altman's Z-score, also speculate more. This result supports the agency-theoretic notion articulated by Stulz (1996) that shareholders of firms that are closer to bankruptcy have incentives to speculate at the expense of bondholders. This finding is also consistent with the argument in Campbell and Kracaw (1999) that more financially constrained firms have stronger incentives to speculate.
Given the findings in Adam and Fernando (2006) and firm size, Altman's Z-score, or managerial compensation in their study of gold producers, we find strong and consistent results for all these relationships. The stark difference between our findings and their findings can be attributed to the considerably smaller sample utilized by Brown, Crabb and Haushalter (2006) . While our finding of a negative relation between speculation and CEO compensation delta is consistent with the finding in Géczy, Minton and Schrand (2007) (and the opposite of the finding in Beber and Fabbri (2006)), our finding for CFO compensation delta, which is also negatively related to speculation in our study, is the opposite of what Géczy, Minton and Schrand (2007) find. Overall, our findings for both CEO and CFO compensation, measured in terms of both delta and vega, paint a consistent picture of a negative relation between speculation and incentive compensation.
The rest of our paper is organized as follows. In Section I we briefly review the existing evidence on selective hedging and formulate our empirical hypotheses. Section II describes our data set. Section III examines the relationships between selective hedging, firm size and other firm characteristics. Section IV analyzes the relationship between selective hedging and managerial compensation. Section V presents additional robustness checks of our findings and Section VI concludes.
I. Empirical Hypotheses
The traditional theory of corporate risk management assumes that firms use derivatives purely for hedging purposes and that the benefits of hedging accrue solely from the alleviation of market imperfections. In contrast, there is now considerable survey evidence that managers also speculate with derivatives, i.e., incorporate their market views into their hedging programs. In a survey of 244 Fortune 500 firms, Dolde (1993) reports that almost 90% of firms at least sometimes base the size of their hedges on their views of future market movements. Bodnar, Hayt and Marston (1998) survey derivatives policies by 399 U.S. non-financial firms and find that about 50% of their sample firms admit to sometimes (and 10% frequently) altering the size and/or the timing of a hedge based on their market views. Glaum (2002) Collectively, these studies suggest that the practice of selective hedging is widespread in the corporate world. In the next subsection we develop a series of hypotheses to guide our empirical analysis of selective hedging and help understand why firms engage in this practice. Stulz (1996) argues that some firms may incorporate their market views into their hedging programs if they possess valuable private market information. He cites as an example a large copper consuming firm, which obtains access to private information about the copper market as a result of its copper purchasing activities. Another example might be a large gas transmission and distribution company, which acquires valuable information about gas demand and supply through the operation of its gas pipeline network. The extent of private information a firm acquires is, of course, unobservable. However, as in the above examples, a firm's access to valuable private information is likely to increase with its presence in the market and the resources it can expend to gather such information, both of which can be proxied by the size of the firm (Brown, Crabb and Haushalter (2006) ). Therefore, we can state our first empirical hypothesis as follows:
A. Empirical Hypotheses
Hypothesis 1: Larger firms speculate more than smaller firms.
The second criterion stipulated by Stulz (1996) for successful value-maximizing speculation is that firms have the financial strength to bear the additional risk of acting on their market views without jeopardizing their core businesses. This gives rise to our second empirical hypothesis:
Hypothesis 2: Financially stronger firms speculate more than financially weaker firms.
Wealth transfer motives as in Jensen and Meckling (1976) and Myers (1977) It is important to note that Hypotheses 2 and 3 make opposing predictions.
If managers act in their self-interest then selective hedging may also be driven by managerial incentives. For example, the value of stock options increases with the volatility of the underlying stock. To the extent that selective hedging increases the volatility of a firm's equity, managers that hold significant stock option portfolios may be more inclined to speculate than managers with few or no stock options. We therefore expect to find a positive relationship between speculation and the sensitivity of executives' compensation packages to their firm's stock price volatility.
Hypothesis 4:
Corporate speculation increases with the sensitivity of managerial stock option holdings to the volatility of a firm's stock price.
The findings by Adam and Fernando (2006) and Brown, Crabb and Haushalter (2006) , that firms do not earn significantly positive cash flows on average from selective hedging, imply that corporate speculation is value-destroying or, at best, value-neutral. If this is common knowledge among a firm's managers and other insiders, we would expect that managers who receive higher equity-based compensation will speculate less. The Scotia McLeod survey contains detailed information on all outstanding gold derivatives positions, i.e., the type of instrument, the size and direction of the position, average delivery prices and maturities for each instrument type, and the future expected gold production.
There are a total of 2,541 firm-quarter observations of which 1,450 firm-quarters represent nonzero hedging portfolios. Tufano (1996) and Adam and Fernando (2006) provide further details about this data set.
We obtain financial data from Compustat or from a manual search of firms' financial statements if a firm is not covered by Compustat. Stock market return data comes from the CRSP database and Datastream. Operational data, e.g., gold production figures, gold reserves, etc., is collected manually from firms' financial statements.
Following Tufano (1996) , we measure the extent of derivatives usage by a hedge ratio that is defined as follows:
1 3 1 3
Portfolio delta ( year contracts ) Total hedge ratio
Expected production ( years ahead )
As noted by Tufano (1996) , the portfolio delta is the amount of gold that the firm has effectively sold short, computed as the sum of the firm's individual derivatives positions (in ounces of gold) weighted by their respective deltas. The total hedge ratio is the fraction of the firm's expected gold production over the next three years that it has hedged, calculated as the ratio of the portfolio delta for derivatives contracts that mature within three years to expected production (in ounces of gold) over the same time period. 5 We also measure the extent of derivatives usage for each hedge horizon individually, to check the robustness of our results using the total hedge ratio and to determine the extent to which any selective hedging patterns we observe at the aggregate level over the three-year window persist in individual contract maturity years:
Portfolio delta x year contracts x year hedge ratio
Expected production x years ahead
The x-year hedge ratio represents the fraction of the gold production x years ahead that has been hedged.
The above hedge ratios have a quarterly data frequency, which allows us to measure the extent to which a firm speculates by the standard deviation of the hedge ratios. More specifically, for a given firm-year observation, the extent of speculation is the standard deviation of the 5 The survey reports derivatives contracts with maturities of up to five years. However, since only a few firms use four and five year hedges -the average contract maturity is 1.5 years -we focus our attention on derivatives contracts that mature within three years. Including four and five year maturities does not change any of our conclusions. The results are available from the authors upon request. In Section V, we carry out additional robustness checks using two alternate measures of the total hedge ratio in which the denominator in expression (1) is replaced by the firm's gold reserves as in Jin and Jorion (2006) , and the numerator is replaced by (1-3 year) portfolio delta and (1-5 year) portfolio delta, respectively.
quarterly hedge ratios in that year. 6 We refer to speculation measured using the standard deviation of the total hedge ratio as "total speculation" and speculation measured using the standard deviation of the x-year hedge ratio as "x-year speculation."
We gather compensation data through ExecuComp or through manual collection from proxy statements if the firm is not covered by ExecuComp. We then calculate the stock and option holdings for CEOs and CFOs and aggregate stock holdings for all insiders (executives and members of the board of directors). In addition, we estimate the sensitivities of stock and option holdings to changes in stock price level (delta) and volatility (vega) following the methodology of Core and Guay (2002). We use the end of year stock price from Compustat as the underlying stock price in the Black-Scholes options pricing formula. We obtain any cash dividends paid by the firm from Compustat. The risk-free interest rate is the yield on the Treasury bond whose maturity is closest to the maturity of the stock option. We compute stock return volatility from weekly adjusted stock returns obtained from CRSP and Datastream. We calculate the delta of each executive's compensation as the sum of the deltas of all outstanding options plus the delta of the executive's shareholdings. We calculate the vega of the executive's compensation as the sum of the vegas of all option holdings of the executive. Following Coles, Daniel and Naveen (2006), we assume the vega of shareholdings to be zero. The Appendix provides further details on the calculation of delta and vega. For speculation in year t we use compensation data from proxies issued in year t, which correspond to compensation data in year t-1. Table 1 provides summary statistics of our sample.
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We measure the probability of bankruptcy by Altman's Z-score (see Appendix). Altman (1968) shows that firms with Z-scores less than 1.81 are associated with a high probability of distress, whereas firms with Z-scores above 2.99 are in the "safe zone." While the mean and median Z-scores in our sample are 2.548 and 2.471, respectively, the 25 th and 75 th percentiles are 0.918 and 4.819. 7 Thus, despite the industry focus the firms in our sample exhibit a wide range of probabilities of bankruptcy with approximately a third facing a high probability of financial distress based on Altman (1968).
Firms hedge an average of 20% of their expected gold production over a three-year period. Average hedge ratios decline from 35% for one-year maturities to 9% for three-year maturities, indicating that most of the derivatives activity takes place in shorter maturity contracts. We observe a corresponding trend in our speculation measures as the contract maturity period increases.
We test our empirical hypotheses in Sections III and IV by examining how speculation by firms in our sample is related to firm size, probability of bankruptcy as measured by Altman's Z score, and measures of CEO and CFO compensation. We first test all our hypotheses using OLS regressions for the sample of firms that uses derivatives. Since the decision to use derivatives is not random, it is possible that our selective hedging sample may be subject to sample selection bias. Therefore, we repeat all the tests of our empirical hypotheses using the Heckman (1979) two-step selection model. We model the decision to use derivatives in the first step using a probit model. We employ as our dependent variable a hedging dummy indicating whether or not the firm uses derivatives, and several independent variables that have been identified in the prior literature as determinants of hedging. These variables include firm size, the market-to-book ratio of assets, dividend policy, liquidity and leverage. 8 We model speculation in the second step using OLS, with our speculation measure as the dependent variable. Our independent variables are the determinants of speculation based on our empirical hypotheses together with the Inverse Mills
Ratio from the first step to correct for any sample selection bias. We conduct our analysis using the total measures of hedging and speculation based on all derivatives outstanding up to three years in maturity as well as the disaggregate measures pertaining to individual maturity years (1, 2, or 3 years). We present the results of further robustness checks in Section V.
III. Selective Hedging and Firm Characteristics
In this section, we examine how selective hedging is related to firm size and the probability of bankruptcy. We first present our regression results using OLS, followed by the Heckman (1979) two-step selection model regression results correcting for any sample selection bias.
A. Speculation, Firm Size and Probability of Bankruptcy
We first examine the relationships between speculation and firm size, and between speculation and the probability of bankruptcy. In Table 2 we present the results of our OLS regressions for the sample of firms that uses derivatives. We control for firm-level clustering in all our tests to avoid biased standard errors (Petersen (2008) ).
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Our OLS regression results provide strong evidence that smaller firms speculate more than larger firms for all hedging maturities and in aggregate. The relationship between speculation and size is negative and significant at the 1% level for total speculation and for one and two-year speculation. This result contrasts sharply with the finding in the literature that larger firms hedge more than smaller firms. 9 We also find a strong negative relationship between speculation and Z-score, which is significant at the 1% level for total speculation and two-year speculation, and at the 5% and 10% levels for one-year and three-year speculation, respectively.
As noted in Section I, the theoretical relation between selective hedging and the likelihood of financial distress is ambiguous. On the one hand, Stulz (1996) highlights the need for firms that engage in selective hedging to have the financial strength to bear the additional risk of acting on their market views. On the other hand, Stulz (1996) and Campbell and Kracaw (1999) provide different reasons as to why financially distressed firms could have more incentives to speculate than financially secure firms. To test for this potential convexity, we allow for the relationship between speculation and Z-scores to be non-linear by including the square of Z-scores. Interestingly, we find a weak quadratic relationship between Z-scores and selective hedging, with the coefficient on the Z 2 term being positive and significant at the 5% level for total speculation and for 3-year speculation.
We use the Heckman (1979) two-step procedure to ensure the robustness of our OLS results. We first model the likelihood that a firm hedges in a given quarter and then, in the second step, model the magnitude of speculation as measured by the volatility of hedge ratios (given that a firm chooses to hedge). Thus, the sample in the second step is limited to hedgers.
The first step results are presented in Panel A of Table 3 . The dependent variable in the first step is a hedging dummy that equals one if the firm has derivatives outstanding with maturities of up to 3 years, and zero otherwise (models I to III). To check robustness we also consider dummy variables for each hedging maturity (1, 2 or 3 years) separately (models IV to XII). We observe a strong positive relationship between the likelihood of using derivatives and firm size, which is consistent with the prior literature listed in footnote 9. We find consistent results across the different regression models, which include total hedging dummies measured by aggregating across the three years, and hedging dummies within individual maturity years. The negative relation between the market-to-book ratio and the decision to use derivatives is consistent with the evidence of Mian (1996) . We attribute this negative relation to the fact that in our sample the market-to-book ratio, as a proxy for growth opportunities, is negatively correlated with firm size, and smaller firms are less likely to use derivatives. Holding liquidity can be seen as a substitute for hedging, which would explain the negative correlation between the decision to use derivatives and the quick ratio. Overall, these results are consistent with Tufano (1996) and Adam (2002) .
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Panel B of Table 3 presents the results from the second step of the Heckman (1979) selection model on the question of how the degree of speculation is related to firm characteristics. Specifically, we examine how firm size, as a proxy for inside information about the gold market, and Altman's Z-score, as a measure of the probability of bankruptcy, are related to the extent of speculation. As previously discussed, our measure of the extent of speculation is the standard deviation of the quarterly hedge ratios, both in total and by maturity. The total hedge ratio is the proportion of the expected production in the next three years that is hedged.
Surprisingly, the results in Panel B of Table 3 show that larger firms speculate less than smaller firms for all hedge maturities and in total, confirming our findings in the OLS regressions. In particular, an increase in a firm's market value by one standard deviation from the mean is associated with a decrease in total speculation by around 0.037. Given that the mean value of total speculation is only 0.0771, this represents a reduction of 48%. This finding stands in stark contrast to our finding in Panel A that larger firms are more likely to hedge than smaller firms.
The Inverse Mills ratio is statistically significant in some of the regressions, validating our use of the Heckman (1979) two-step procedure to correct for any sample selection bias.
As previously discussed, we use Altman's Z-score as a measure of the firm's likelihood of bankruptcy, where higher Z-scores are associated with a lower chance of bankruptcy.
Examining the coefficients on Z-score alone in Panel B of Table 3 , we find a statistically significant negative correlation between speculation and Z-score, again confirming the findings in our OLS regressions. The correlation between total speculation and the Z-score is significant at the 5% and 1% levels in the respective models, while the results for individual maturities are somewhat weaker although of consistent sign. In particular, an increase in the Z-score by one standard deviation is associated with a decrease in total speculation by 0.0185, which represents a reduction of 24%. This result supports the arguments in Stulz (1996) and Campbell and Kracaw (1999) that financially weaker firms will speculate more.
When we test for the potential convexity in the relationship between speculation and Zscore that was documented in the OLS regressions, we continue to find the previous quadratic relationship, with the coefficient on the Z 2 term being positive and statistically significant at the 1% level for total speculation and for 3-year speculation. A closer examination of the data reveals that this relationship is driven by firms increasing their selective hedging activity at an accelerating rate as they get closer to bankruptcy rather than by a U-shaped pattern between selective hedging and the probability of bankruptcy. Therefore, we can rule out the possibility that financially stronger firms also speculate more. We should also note that the previously observed relationship between speculation and size remains generally robust when we control for the likelihood of bankruptcy.
B. Discussion
We find that larger firms are more likely to hedge than smaller firms. These findings are consistent with prior studies, and may indicate that larger firms are more sophisticated and can commit greater financial resources and expertise to a risk management program than smaller firms. In contrast, we find that smaller firms speculate more than larger firms when they do use Our findings are also consistent with the argument in Campbell and Kracaw (1999).
Smaller firms are more constrained in raising external capital due to asymmetric information, and may engage in selective hedging in the hope of supplementing their smaller internal resources. Additionally, our finding that firms that have a higher probability of bankruptcy speculate more lends support to the agency-theoretic notion (Jensen and Meckling, 1976 ) that shareholders of firms close to bankruptcy may have incentives to speculate at the cost of bondholders.
IV. Managerial Compensation and Selective Hedging
We now turn to our managerial compensation hypothesis, which is based on the notion that managers speculate as a rational response to incentive compensation. As noted in Section I, our hypotheses are conditioned on the findings in Adam and Fernando (2006) 
A. Speculation and Executive Compensation
Given that selective hedging does not increase firm value on average and that managers are presumably aware of this fact, we expect that managerial ownership of the firm through incentive compensation would attenuate a manager's incentive to speculate. Ownership can be obtained through holding stock as well as stock options, which we measure by the sum of the deltas of stock and stock option holdings of the CEO or the CFO. The value of executive stock options, however, increases with stock price volatility. Thus, stock options could induce a manager to increase the volatility of the stock by speculating. We measure the sensitivity of stock option holdings to changes in the stock price volatility by calculating the aggregate vega of the option holdings of the CEO or CFO.
We present our findings from our OLS (univariate) regressions pertaining to CEO and CFO compensation in Table 4 . Panel A provides the results for CEOs and Panel B provides the results for CFOs. Speculation is weakly negatively related to CEO delta, with the coefficient for one-year speculation being statistically significant at the 5% level while the coefficient for twoyear speculation is significant at the 10% level. CEO vega is also negatively related to speculation, with the coefficient for total speculation being significant at the 5% level and the coefficient for one-year speculation being significant at the 10% level. For CFOs, the negative relation between speculation and delta is stronger, with the coefficients for one and two-year speculation being significant at the 1% level while the coefficient for total speculation is significant at the 5% level. CFO vega is also negatively related to speculation, with the coefficient for total speculation being significant at the 5% level while the coefficient for oneyear speculation is significant at the 1% level. Overall, our OLS results contradict the notion that incentive compensation exacerbates the incentive for executives to engage in speculation for private benefit, suggesting instead that executive compensation diminishes the incentives for executives to engage in speculation.
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As in the previous section, we estimate Heckman (1979) selection models to ascertain the robustness of our OLS regression results, with the decision to hedge being modeled in the first step as previously 10 and the extent of selective hedging being modeled in the second step. Our results are broadly consistent with our OLS regression findings. The results for CEO compensation are presented in Table 5 . CEO delta is negatively related to speculation, which is statistically significant at the 1% level for two-year speculation and at the 5% level for total and one-year speculation. After controlling for firm size, we find that the negative relationship persists but weakens considerably, with only the coefficient for two-year speculation remaining significant (at the 5% level). Our result for CEO delta is consistent with the finding of Géczy, Minton and Schrand (2007) . CEO vega is also negatively related to speculation, which is statistically significant at the 1% level for total and two-year speculation, and at the 5% level for one-year speculation. The negative relationship persists when firm size is controlled for, with both the total and two-year speculation coefficients remaining significant at the 5% level.
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Our results for CFO compensation presented in Table 6 are consistent with our previous OLS regression findings. While our findings for CFOs are also consistent with the negative speculation-compensation relationship we documented for CEOs, it is statistically stronger. The relationship between CFO delta and speculation is negative and statistically significant for total, one and two-year speculation, regardless of whether or not we control for firm size. The relationship between CFO vega and speculation is negative and statistically significant for total and one-year speculation, regardless of whether or not we control for firm size. Our finding for CFO delta is the opposite of what Géczy, Minton and Schrand (2007) report for their sample of firms.
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Taken together, our findings contradict the notion that stock option ownership induces executives to speculate in order to increase volatility. Consistently, both CEO and CFO stock ownership (delta) are negatively correlated with selective hedging, which suggests that stock ownership also reduces the incentives for executives to engage in speculation.
B. Discussion
Our findings on the relationship between speculation and managerial incentives provide no support for (and indeed, contradict) the notion that managers speculate in their own self interest. Our finding that speculation decreases with the vega of option holdings by both CEOs and CFOs directly contradicts the view that stock option ownership could motivate managers to speculate in order to increase stock return volatility and thus the value of their stock options. Our finding that speculation decreases with the delta of managerial stock and option ownership suggests that rewarding managers through stock and options may actually reduce their incentives to speculate.
Our overall finding, that stock or option compensation reduces the incentive for managers to speculate, confirms the traditional view that equity-linked compensation aligns the incentives between managers and shareholders and runs counter to the findings in recent studies by Burns and Kedia (2006) and Denis, Hanouna and Sarin (2006) that stock option compensation is positively related to the likelihood that managers will engage in strategies that potentially hurt shareholders. Burns and Kedia (2006) find that the sensitivity of the CEO's option portfolio to stock price is significantly positively related to the propensity to misreport earnings, while Denis, Hanouna and Sarin (2006) find that stock options increase the incentive for managers to engage in fraudulent activity. It is possible that their awareness that selective hedging does not create value, coupled with their own stakes in the firm, deter executives who own options and stock from engaging in speculation.
V. Additional Robustness Checks
In this section, we further examine the robustness of the findings presented in the previous two sections by performing additional tests. We first carry out robustness checks using two alternate measures of the total hedge ratio in which Expected production (1-3 years ahead)
in the denominator of expression (1) for the total hedge ratio is replaced by the firm's gold reserves, as in Jin and Jorion (2006) . In the first alternate measure of the total hedge ratio, the numerator remains the same as in (1), i.e., is set equal to -Portfolio delta (1-3 year contracts). In the second alternate measure of the total hedge ratio, we extend the hedging horizon to the full five year window for which data is available, and set the numerator equal to -Portfolio delta (1-
year contracts).
Using these alternate measures of the total hedge ratio, we repeat the aggregate analysis (only) presented in Tables 2 through 6 . As before, speculation is measured by the standard deviation of the hedge ratio.
The results of the OLS regression analysis are presented in Table 7 . Regardless of which measure of total speculation we use, the results are consistent with our previous findings, with speculation being significantly negatively related to firm size and Z score, significantly positively related to Z 2 , and significantly negatively related to CEO/CFO delta and vega.
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As before, we repeat the analysis using the Heckman (1979) two-step procedure and present the second step results in Table 8 . Panel A reports the results of the alternate total speculation measure using -Portfolio delta (1-3 year contracts) ("Total Speculation R1") in the numerator while Panel B reports the results of the alternate total speculation measure usingPortfolio delta (1-5 year contracts) ("Total Speculation R2") in the numerator. The results are broadly consistent with our previous OLS regression results and the findings reported in Tables 2 to 6, although they are somewhat weaker statistically. In both panels, firm size and Z score continue to be negatively related to speculation. However, Z 2 is statistically significant only in Panel B. In the univariate models, CEO/CFO delta and vega are all significantly negatively related to speculation in Panel A, while only CEO delta and vega are significant in Panel B.
However, only vega of CEO compensation in Panel A remains significant when firm size is controlled for. The reduction in statistical significance may be due in part to the increased noise associated with using reserves in the denominator instead of production over the specific period that corresponds to the computation of portfolio delta in the numerator.
[Place Table 8 about here]
As a final robustness check, we examine the relation between selective hedging activity and insider ownership. Since selective hedging does not create value for shareholders, we would expect to find a negative relation between selective hedging activity and insider ownership, which would not only be consistent with our previous results on managerial compensation but also with the view that a larger ownership stake by insiders would help dissuade managers from engaging in activity that does not create value for shareholders. We present the findings from our OLS regressions in Table 9 . We use both our original measure of total speculation and the two robustness measures introduced in this section, together with individual year speculation measures as before. We find a significant negative relationship between insider ownership and speculation for two of our three total speculation measures and for our one and two-year speculation measures. This finding suggests that larger ownership stakes by insiders will attenuate the incentive for managers to engage in speculation.
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We present the corresponding Heckman (1979) two-step regression analysis in Table 10 .
In the univariate models, speculation is significantly negatively related to insider ownership for two of our three total speculation measures and for our one-year speculation measure. However, the relationship loses significance when we control for size.
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VI. Conclusions
There is considerable evidence that firms use derivatives not only to hedge but also to speculate, even though the gains from speculation appear to be small at best. This raises the question of why managers commit time and resources to an activity that does not appear to increase shareholder value. We examine this puzzle by studying derivatives strategies of firms in the North American gold mining industry. This industry likely satisfies the conditions stipulated by Stulz (1996) for rational (shareholder value-maximizing) speculation. However, we find that small firms are more active speculators than large firms. This is surprising because small firms should be less likely than large firms to have an information advantage and thus be able to beat the market. Furthermore, small firms should be less able to bear the additional risks of selective hedging than large firms. We find that the extent of selective hedging increases as the probability of bankruptcy rises, which is consistent with an agency-theoretic or financial constraints explanation of corporate speculation. Our findings on the relationship between speculation and managerial incentives provide no support for (and indeed, contradict) the possibility that managers may be speculating in their own self interest. We find that rewarding managers through stock and stock options may actually reduce their incentives to speculate.
Given that selective hedging does not benefit shareholders, our study renews the challenge of explaining this behavior from a rational value-maximizing standpoint. In addition to the possibility that the speculation undertaken by financially distressed firms may be driven by wealth transfer or financial constraints motives, our results also point to the remaining possibility for selective hedging highlighted by Stulz (1996) --that managers hedge selectively because they erroneously believe that they can outperform the market. This conclusion raises many new questions that have relevance for both academics and practitioners, especially from the standpoint of corporate governance and behavioral finance.
Appendix : Definition of Variables
This Appendix lists all the variables used in the paper, provides their definitions and explains how they are constructed. In addition to the 1989 to 1999 gold derivatives data set from the Gold where N = probability density function for normal distribution Dividend dummy: Equals one if a firm paid cash dividends in the given year and is zero otherwise.
Firm size:
The natural log of the market value of assets. The market value of assets equals book value of assets minus book value of common stock plus market value of equity.
Portfolio Delta: Portfolio delta is the amount of gold that the firm has effectively sold short over a specific time period, computed as the sum of the firm's individual derivatives positions (in ounces of gold) weighted by their respective deltas.
Hedge ratio: The total hedge ratio is the fraction of the firm's expected gold production over the next three years that it has hedged, calculated as the ratio of the portfolio delta for derivatives contracts that mature within three years to expected production (in ounces of gold) over the same three-year time period. Correspondingly, x-year hedge ratio is the fraction of the x-year expected gold production hedged.
Hedging Dummy: Equals one if a firm is hedging (using derivatives) in a specific time period and is zero otherwise. Total hedging dummy equals one if a firm uses derivatives with 1-3 years to maturity and equals zero otherwise. x-year hedging dummy equals one if a firm uses derivatives with x-year maturity and equals zero otherwise.
Speculation:
Total speculation is the standard deviation of the quarterly total hedge ratios and xyear speculation is the standard deviation of the quarterly x-year hedge ratios.
Insider ownership: Calculated as the number of shares owned by directors and executives (obtained manually from proxy statements) multiplied by the end-of-year stock price.
Leverage: Calculated as the book value of long-term debt divided by the sum of book values of preferred stock, common equity, and long-term debt.
Market-to-book ratio of assets:
Market value of assets divided by book value of assets. The market value of assets equals the book value of assets minus the book value of common stock plus market value of equity.
Quick Ratio: Measure of corporate liquidity defined by the ratio: (cash + cash equivalents + receivables) / current liabilities.
Altman's Z-score: Defined as: where X 1 = working capital (current assets -current liabilities)/total assets; X 2 = retained earnings/total assets; X 3 = earnings before interest and taxes/total assets; X 4 = market value of equity/ book value of total debt; and X 5 = sales/total assets. Firm size is the log of the market value of assets in millions of US$. Market-to-book ratio is the market value of assets divided by the book value of assets. Dividend dummy is a dummy variable that equals one if a firm paid cash dividends in year t and zero otherwise. Quick ratio equals [(cash + cash equivalents + receivables) / current liabilities]. Leverage is the ratio of the book value of debt to the book value of preferred stock, common stock and long-term debt. Altman's Z-score is calculated following Altman (1968) . Total hedging dummy equals one if a firm uses derivatives with 1-3 years to maturity and is equal to zero otherwise. x-year hedging dummy equals one if a firm uses derivatives with x-year maturity and equals zero otherwise. Total hedge ratio is the fraction of the future 3-year expected gold production hedged each quarter, calculated by dividing the 3-year portfolio delta by the expected production over the next three years. x-year hedge ratio is the fraction of the x-year expected gold production hedged each quarter. Total speculation is the standard deviation of the quarterly total hedge ratios. x-year speculation is the standard deviation of the quarterly x-year hedge ratios. CEO and CFO compensation deltas and vegas are calculated as in Core and Guay (2002 This table presents the OLS regression results for speculation as a function of firm characteristics. For x-year speculation the sample is restricted to firms that hedge x years ahead for x = 1, 2, and 3. For total speculation, the sample is restricted to firms that hedge 1, 2, or 3 years ahead. Firm size is the log of the market value of assets in millions of US$. Altman's Z-score is calculated following Altman (1968) . Total speculation is the standard deviation of the quarterly total hedge ratios and x-year speculation is the standard deviation of the quarterly x-year hedge ratios. Figures in parentheses denote t-statistics based on clustered (by firm) standard errors. *, **, and *** denote significance at the 10, 5, and 1% levels respectively. Table 3 Speculation and Firm Characteristics (Heckman Two-step Regressions)
This table presents regression results of a Heckman (1979) two-step selection model. The first step (Panel A) models the decision to use derivatives and the second step (Panel B) models speculation as a function of firm characteristics. The dependent variables in the first step are total hedging dummies that equal one if a firm uses derivatives with 1-3 years to maturity and equal zero otherwise, or x-year hedging dummies that equal one if a firm uses derivatives with x-year maturity and equal zero otherwise. Firm size is the log of the market value of assets in millions of US$. Market-to-book ratio is the market value of assets divided by the book value of assets. Dividend dummy is a dummy variable that equals one if a firm paid cash dividends in year t and zero otherwise. Quick ratio equals [(cash + cash equivalents + receivables) / current liabilities]. Leverage is the ratio of the book value of debt to the book value of preferred stock, common stock and long-term debt. Altman's Z-score is calculated following Altman (1968) . Total speculation is the standard deviation of the quarterly total hedge ratios and x-year speculation is the standard deviation of the quarterly x-year hedge ratios. Figures in parentheses denote t-statistics with robust standard errors. *, **, and *** denote significance at the 10, 5, and 1% levels respectively. Table 4 Speculation and CEO/CFO Compensation Characteristics (OLS Regressions)
This table presents the OLS regression results for speculation as a function of CEO/CFO compensation characteristics. For x-year speculation the sample is restricted to firms that hedge x years ahead for x = 1, 2, and 3. For total speculation, the sample is restricted to firms that hedge 1, 2, or 3 years ahead. Total speculation is the standard deviation of the quarterly total hedge ratios and x-year speculation is the standard deviation of the quarterly x-year hedge ratios. Firm size is the log of the market value of assets in millions of US$. CEO and CFO compensation deltas and vegas are calculated as in Core and Guay (2002 Table 5 Speculation and CEO Compensation Characteristics (Heckman Two-step Regressions)
This table presents the regression results of the second step of a Heckman (1979) two-step selection model, which models speculation as a function of CEO compensation characteristics. For x-year speculation the sample is restricted to firms that hedge x years ahead for x = 1, 2, and 3. For total speculation, the sample is restricted to firms that hedge 1, 2, or 3 years ahead. Total speculation is the standard deviation of the quarterly total hedge ratios and x-year speculation is the standard deviation of the quarterly x-year hedge ratios. Firm size is the log of the market value of assets in millions of US$. CEO compensation deltas and vegas are calculated as in Core and Guay (2002 Table 6 Speculation and CFO Compensation Characteristics (Heckman Two-step Regressions)
This table presents the regression results of the second step of a Heckman (1979) two-step selection model, which models speculation as a function of CFO compensation characteristics. For x-year speculation the sample is restricted to firms that hedge x years ahead for x = 1, 2, and 3. For total speculation, the sample is restricted to firms that hedge 1, 2, or 3 years ahead. Total speculation is the standard deviation of the quarterly total hedge ratios and x-year speculation is the standard deviation of the quarterly x-year hedge ratios. Firm size is the log of the market value of assets in millions of US$. CFO compensation deltas and vegas are calculated as in Core and Guay (2002 Table 7 Additional Robustness Checks of Speculation and Firm/Compensation Characteristics (OLS Regressions)
This table presents OLS regression results for speculation as a function of firm characteristics and CEO/CFO compensation characteristics, using two alternate measures of total speculation. The first alternate measure of total speculation ("Total speculation R1") is the standard deviation of the quarterly total hedge ratio defined as equal to [-Portfolio delta (1-3 year contracts)] / firm's gold reserves. The second alternate measure of total speculation ("Total speculation R2") is the standard deviation of the quarterly total hedge ratio defined as equal to [-Portfolio delta (1-5 year contracts)]/firm's gold reserves. For regressions using Total speculation R1, the sample is restricted to firms that hedge 1, 2, or 3 years ahead and for regressions using Total speculation R2, the sample is restricted to firms that hedge 1, 2, 3, 4 or 5 years ahead. Firm size is the log of the market value of assets in millions of US$. Altman's Z-score is calculated following Altman (1968 This table presents the regression results of the second step of a Heckman (1979) two-step selection model, which models speculation as a function of firm characteristics and CEO/CFO compensation characteristics, using two alternate measures of total speculation. The first alternate measure of total speculation ("Total speculation R1") is the standard deviation of the quarterly total hedge ratio defined as equal to [-Portfolio delta (1-3 year contracts)] / firm's gold reserves. The second alternate measure of total speculation ("Total speculation R2") is the standard deviation of the quarterly total hedge ratio defined as equal to [-Portfolio delta (1-5 year contracts)] / firm's gold reserves. For regressions using Total speculation R1, the sample is restricted to firms that hedge 1, 2, or 3 years ahead and for regressions using Total speculation R2, the sample is restricted to firms that hedge 1, 2, 3, 4 or 5 years ahead. Firm size is the log of the market value of assets in millions of US$. Altman's Z-score is calculated following Altman (1968) . CEO and CFO compensation deltas and vegas are calculated as in Core and Guay (2002) . Figures in parentheses denote t-statistics with robust standard errors. *, **, and *** denote significance at the 10, 5, and 1% levels respectively. Table 9 Speculation and Insider Ownership (OLS Regressions)
This table presents the OLS regression results for speculation as a function of insider ownership. Total speculation is the standard deviation of the quarterly total hedge ratios and x-year speculation is the standard deviation of the quarterly x-year hedge ratios. Total speculation R1 is the standard deviation of the quarterly total hedge ratio defined as equal to [-Portfolio delta (1-3 year contracts)] / firm's gold reserves. Total speculation R2 is the standard deviation of the quarterly total hedge ratio defined as equal to [-Portfolio delta (1-5 year contracts)] / firm's gold reserves. For x-year speculation the sample is restricted to firms that hedge x years ahead for x = 1, 2, and 3. For total speculation and total speculation R1, the sample is restricted to firms that hedge 1, 2, or 3 years ahead. For total speculation R2, the sample includes all firms that hedge 1, 2, 3, 4, or 5 years ahead. Table 10 Speculation and Insider Ownership (Heckman Two-step Regressions)
This table presents the regression results of the second step of a Heckman (1979) two-step selection model, which models speculation as a function of insider ownership. The first step models the decision to use derivatives. Total speculation is the standard deviation of the quarterly total hedge ratios and x-year speculation is the standard deviation of the quarterly x-year hedge ratios. Total speculation R1 is the standard deviation of the quarterly total hedge ratio defined as equal to [-Portfolio delta (1-3 year contracts)] / firm's gold reserves. Total speculation R2 is the standard deviation of the quarterly total hedge ratio defined as equal to [-Portfolio delta (1-5 year contracts)] / firm's gold reserves. For x-year speculation the sample is restricted to firms that hedge x years ahead for x = 1, 2, and 3. For total speculation and total speculation R1, the sample is restricted to firms that hedge 1, 2, or 3 years ahead. For total speculation R2, the sample includes all firms that hedge 1, 2, 3, 4, or 5 years ahead. Insider ownership is the dollar value of insider stock holdings, where insiders include all executives and board directors. Figures in parentheses denote t-statistics with robust standard errors. *, **, and *** denote significance at the 10, 5, and 1% levels respectively. 
